INTRODUCTION
The red flour beetle, Tribolium castaneum Herbst are the most widespread and destructive primary insect pests of stored cereals 1 . Drugstore beetle, Stegobium paniceum, as an omnivorous stored insects, are widespread in the world. The infestations of stored product insects can not only cause significant losses due to the consumption of grains but also result in the rise of temperature and moisture which lead to an accelerated growth of molds, including toxigenic species 2 . Synthetic insecticides and fumigants were widespread used in control of insects in stored grains and traditional chinese medicinal materials, that has led to problems such as disturbances of the environment, increasing costs of application, pest resurgence, pest resistance to pesticides, and lethal effects on non-target organisms in addition to direct toxicity to users 3 . These prob-against stored-product insects/mites, in some cases, have been proven more effective than traditionally used organophosphorus pesticides 7 10 . In present study, insecticidal and repellent activities of D. indicum essential oil and its three main active ingredients against T. castaneum and S. paniceum were investigated.
EXPERIMENTAL PROCEDURES

Chemicals
Chamazulene, β -caryophyllene and eucalyptol were isolated from D. indicum essential oil on a silica gel column 45 mm 500 mm Qingdao Marine Chemical Plant, Shandong province, China . The red flour beetle, Tribolium castaneum and drugstore beetle, Stegobium paniceum adults about 7 2 days old were collected from laboratory cultures maintained for the last 2 years in dark in incubators at 29 1 and 70-80 relative humidity. The insects were keeped in glass containers 0.5 L containing wheat flour at 12-13 moisture content mixed with yeast 10:1, w/w . Adults used in all the experiments were about 7 2 days old.
Material
Isolation of the Essential Oil and Puri cation of Four
Constitunent Compounds The aerial parts were air-dried for one week and ground to a powder and then subjected to hydrodistillation using a modified Clevenger-type apparatus for 6 h. Anhydrous sodium sulphate was used to remove water after extraction. The essential oil was stored in airtight containers in a refrigerator at 4 for subsequent experiments. The crude essential oil 8 mL was chromatographed on a silica gel Qingdao Marine Chemical Plant, Shandong province, China column 40 mm i.d., 500 mm length on three steps. First, chromatographed on by gradient elution with petroleum ether, then with petroleum ether-ethyl acetate, and last with ethyl acetate. Total fractions 200 mL were collected and maintained at 35 , and similar fractions according to thin layer chromatography TLC profiles were combined to yield 40 fractions. Fractions 1-4, 22-29 were proned to possess contact toxicity and repellency, with similar TLC profiles, were pooled and further purified by preparative silica gel column chromatography PTLC until obtain the pure compounds which were determined as chamazulene 1, 0.82g , β-caryophyllene 2, 0.71g and eucalyptol 3, 0.06g . The three isolated compounds were identified based on nuclear magnetic resonance.
1 H and 13 C-NMR spectra were recorded on Bruker Avance DRX 500 instruments using CDCl 3 as solvent with TMS as internal standard.
GC-FID and GC-MS analysis
GC-MS analysis was run on a Thermo Finnigan Trace DSQ instrument equipped with a flame ionization detector FID and a capillary column of HP-5MS 30 m 0.25 mm 0.25 μm . The column temperature was programmed at 50 for 2 min, then increased at a speed of 2 /min to the temperature of 150 and held for 2 min, and then increased at 10 /min until the final temperature of 250 was reached, where it was held for 5 min. The temperature of injector was maintained at 250 and the volume injected was 0.1 μL of 1 solution diluted in n-hexane . The carrier gas was helium at flow rate of 1.0 mL/min. Spectra were scanned from 50 to 550 m/z. Most constituents were identified by comparing their retention indices with those reported in the literatures. Under the same operating conditions, the retention indices were determined in relation to a homologous series of n-alkanes C 5 -C 36 . Further identification of the isolated constitutes was made by comparing their mass spectra with those stored in NIST 05 and Wiley 275 libraries or with mass spectra from literature 11 .
Relative percentages of the individual components of the essential oil were obtained by averaging the GC peak area reports. 2.6 Bioactivity 2.6.1 Contact activity The contact toxicity of the essential oil and the three isolated compounds against T. castaneum and S. paniceum adults was measured as described by Liu and Ho 1 .
Isolated Constituent Compounds
The contact toxicity of the essential oil and the three isolated compounds against S. paniceum followed the same way. A lot of range-finding studies were conducted to determine the appropriate testing concentrations. Finally, the essential oil and three isolated compounds with five concentrations were prepared in n-hexane. Aliquots of 0.5 μL of the dilutions were topically applied to the dorsal thorax of the insects. Controls were determined with n-hexane. Ten insects were used for each concentration and control, and the experiment was replicated five times. Then, both treated and control insects were transferred to glass vials with culture media and kept in incubators. Mortality of tested insects was recorded after 24 h and the observed mortality data were corrected for control mortality using Abbott s formula. The Probit analysis IBM SPSS V20.0 15, 10 was used to abtain LD 50 values. The positive control, pyrethrins pyrethrin I, 24 ; pyrethrin II, 13 ; cinnerin I, 2 ; cinnerin II, 2 ; jasmolin I, 1 ; jasmolin II, 1 was purchased from Dr. Ehrenstorfer, Germany.
Repellency tests
The repellent activity of the essential oil and three isolated compounds against T. castaneum and S. paniceum adults was tested using previous method 16 . Petri dishes 9 cm in diameter were used to confine test insects during the experiment. Crude essential oil and its three isolated compounds were diluted to five concentrations 39.32, 7.86, 1.57, 0.31 and 0.06 nL/cm 2 with n-hexane, and nhexane was used as the control. Filter paper 9 cm in diameter was cut in half and each concentration with 500 μL was separately applied to half of the filter paper with a micropipette at the same time. 500 μL of n-hexane was used in control on the other half. The treated and control half filter paper were air-dried for 30 s to remove the solvent, re-attached with adhesive tape, and kept in 9 cm glass Petri dishes. Twenty insects of both sexes were released at the center of each filter paper disk, and a cover was placed over the Petri dish. Five replicates were used, and the experiment was repeated three times. Counts of insects present on each strip were made at 2 and 4 h after exposure. The percent repellency PR of the volatile oil and its isolated compounds was then calculated using the formula:
Where Nc is the number of insects present in the negative control half and Nt is the number of insects present in the treated half. Besides, different collection parts also led to different content and composition. The compositions of the essential oil from the leaves of D. indicum are more complex and diverse than that isolated from the flowers of D. indicum 19 .
These differences of chemical content and composition of the essential oils might be attributed to different harvest time and local, climatic and seasonal factors, storage duration of medicinal herbs as well as extraction method, and these differences may result in different biological activities 20 . In Table 2 , though the essential oil of D. indicum aerial parts exhibited no contact toxicity against T. castaneum adults, it showed strong contact toxicity against S. paniceum adults with LD 50 value of 5.82 μg/adult. Compared with the positive control, pyrethrins LD 50 1.22 μg/adult , the essential oil presented 5 times less toxicity against S. paniceum adults. What s more, chamazulene exhibited stronger contact toxicity against S. paniceum adults than T. castaneum adults with the LD 50 values of 4.30 and 29.52 μg/adult, respectively. Actually, chamazulene only showed 4 times less contact toxicity than the positive control, pyrethrins. Moreover, as one of the main active compounds, chamazulene was proven to possess anti-inflammatory activity in vivo, by inhibiting the leukotriene synthesis, and to inhibit lipid peroxidation 21, 22 . Chamazulene is a very promising compound and will be paid more attention in the future. While, β-caryophyllene exhibited least contact toxicity against both Fig. 2 showed that the essential oil and chamazulene possess much stronger repellent activity against T. castaneum adults at both 2 h and 4 h after exposure at five tested concentrations. However, β -caryophyllene and eucalyptol exhibited much weaker repellent activity campared with the positive control, DEET. Hence, the strong repellency against T. castaneum adults might be attributed to the synergistic effects of its diverse major and minor components.
When it comes to S. paniceum adults, the essential oil and its isolated compounds showed weaker repellent activity than that against T. castaneum adults. In Fig. 3 , β -caryophyllene showed the weakest repellent activity against S. paniceum adults at all tested concentrations at both 2 h and 4 h after exposure. At tested concentration of 0.31 nL/cm 2 , eucalyptol exhibited the strongest repellency against S. paniceum adults at both 2 h and 4 h after exposure. What s more, at the concentration of 39.32 nL/cm 2 , the essential oil and chamazulene showed the same repellency against S. paniceum adults at 2 h after exposure, and stronger repellent activity at 4 h after exposure when campared with DEET.
The above results indicates that the difference insecticidal and repellent activity between T. castaneum and S. paniceum adults might be attributed to the different mechanism. However, further research should be conducted in the future.
CONCLUSION
Based on mass screening, the essential oil of D. indicum and its three isolated constituents were examined for in- 10) .
secticidal and repellent activity against T. castaneum and S. paniceum adults. The essential oil and chamazulene possessed strong contact toxicity against S. paniceum adults, although they were 5 and 4 times less toxic to the S. paniceum adults compared to commercial insecticide Pyrethrins. The essential oil and chamazulene also exhibited strong repellent activity against T. castaneum adults campared with the positive control, DEET. These findings, considered together, suggest that the essential oil and its isolated constituents show potential for the development as natural insecticides or repellents for stored products.
Fig. 2
Percentage repellency (PR) of the essential oil from D. indicum aerial parts and its isolated constituents against T. castaneum at 2 h and 4 h after exposure a . a means in the same column followed by the same letters do not differ significantly (p > 0.05) in ANOVA and Tukey's tests. PR was subjected to an arcsine square-root transformation before ANOVA and Tukey's tests. S. paniceum at 2 h and 4 h after exposure a . a means in the same column followed by the same letters do not differ significantly (p > 0.05) in ANOVA and Tukey's tests. PR was subjected to an arcsine square-root transformation before ANOVA and Tukey's tests.
